The new thioantimonates [CH 3 NH 3 ) 0.5 (NH 4 ) 1.5 Sb 8 S 13 ' 2.8H 2 O (1) and Rb 2 Sb 8 S 13 ' 3.3H 2 O (2) have been hydrothermally synthesized and characterized by single-crystal structure determination. The two compounds are isostructural and crystallize in the monoclinic system, space group P2 1 /m with a ‫؍‬ 7.1931 (3) 
INTRODUCTION
Open-framework chalcogenidometalates have attracted considerable interest because these porous frameworks also show semiconducting behavior and photoconductivity. (1}3). The synthesis and structural aspects of such compounds have been thoroughly reviewed recently (4, 5) . Solvothermal methods are known to be very successful in synthesizing alkali metal thioantimonates (6}15). More recently, a large number of thioantimonates(III) with openframework structures were synthesized under low-temperature hydrothermal conditions by using organic templates (16}27). Despite the structural complexity of many of the known phases, some systematic structural relationships have been recognized (5, 22) . In a number of thioantimonates(III) the coordination environment of Sb can be considered as a hemioctahedron with di!erent degrees of
To whom correspondence should be addressed. Fax: 713-7432787. E-mail: wangx@bayou.uh.edu. distortion. The hemioctahedra are often interconnected through edge-sharing into fragments that are similar to a two-atom-thick (100) slice in the NaCl structure. The fragments are further interconnected into slabs, layers, and frameworks. For a given framework (complex anion) composition, variations in the fragments and their linking often lead to very di!erent structures. For example, the compounds (enH )Sb S (18), (C H N) Sb S ) 0.15H O (21) , and (CH NH ) Sb S (19) have one-, two-, and three-dimensional structures, respectively. New examples of similar compounds will provide insight into their general structural chemistry.
Here we report two novel compounds [(CH NH )
O (2) which are isostructural and which adopt a new structure type.
EXPERIMENTAL
Compounds 1 and 2 were hydrothermally synthesized by using elemental Sb and S. In a typical synthesis of 1, Sb (0.37 g, 3 mmol) and S (1.00 g, 31 mmol) were mixed with 2.0 ml of a 40 wt% aqueous CH NH solution. The mixture was sealed in a Te#on-lined autoclave (23 ml inner volume) in air and heated at 1903C for 4 days. Compound 2 was synthesized from a mixture of Sb (0.22 g, 1.8 mmol), S (0.10 g, 3.1 mmol), Rb CO (0.63 g, 2.7 mmol), and H O (1.0 ml). The mixture was heated "rst at 903C for 3 days and then at 1903C for 1 day. The products were washed with water, "ltered, and dried in air.
Chemical compositions were analyzed with a JEOL 8600 electron microprobe operating at 15 KeV with a 10-m beam diameter and a beam current of 30 nA. Infrared spectra were collected on a Galaxy FTIR 5000 spectrometer using the KBr pellet method. Thermogravimetric analyses were carried out in a nitrogen #ow with a heating rate of 23C/min, on a DuPont 2100 system.
Single-crystal X-ray data were measured on a SMART platform di!ractometer equipped with a 1K CCD area detector using graphite-monochromatized MoK radiation 
at room temperature. For each phase a hemisphere of data (1271 frames at 5 cm detector distance) was collected using a narrow-frame method with scan widths of 0.303 in and an exposure time of 30 s/frame. The "rst 50 frames were remeasured at the end of data collection to monitor instrument and crystal stability, and the maximum correction applied on the intensities was (1%. The data were integrated using the Siemens SAINT program (28) . Absorption correction was made using the program SADABS. (29) . The structures were solved by direct methods and re"ned using SHELXTL (30) . The discrimination between ammonium nitrogen and water oxygen atoms was made, not unambiguously, by considering interatomic distances and by comparing the two structures. The water oxygen atoms were constrained to have the same but a variable thermal parameter in order to re"ne their relative occupancies. Hydrogen atoms were ignored because of the large number of heavy atoms and partial occupancies of the water oxygen positions. Crystallographic and re"nement details are summarized in Table 1 . Atom positions are given in Tables 2 and 3 .
RESULTS AND DISCUSSION

Synthesis and Characterization
Red needles of 1 with crystal sizes up to 1.5;0.1;0.1 mm were obtained as a major phase together with minor impurities of (CH NH ) Sb S . The yield is about 95% based on antimony. It was found that increasing the Sb:S mole ratio from about 1:10 to 2:3 substantially decreases the yield and the crystal sizes of 1, and favors the formation of (CH NH ) Sb S . Lowering the synthesis temperature has a similar e!ect. (CH NH ) Sb S is the major phase in a synthesis with an Sb:S ratio of 2:3 at a temperature of 1303C. The high temperature apparently increases the decomposition of methylamine and thus increases the ammonium concentration in the solution. E!orts to synthesize single-phase products by varying the Sb:S ratio and temperature were unsuccessful. Red needles of compound 2 could be obtained only as a minor phase in our syntheses. The yield is about 3% based on antimony. Other phases in the products include RbSb S )H O (11) and amorphous powder. The electron microprobe analysis gave the atomic ratios Sb:S"8:12.7 for 1 and Sb:S:Rb"8:12.8:1.9 for 2, which are consistent with the formula ratios derived from structure re"nements. The crystals of both compounds are not stable under an electron beam, which may account for the low measured S contents.
The observed IR bands for 1 at 1256(w), 1404(s), 1468(m), and 1616(s), and a very broad band between 2800 and 3700 cm\, indicate the existence of CH NH> , NH> , and water molecules. Figure 1 shows the TGA result for compound 1. The gradual weight loss of 2.0% that ends at about 1303C is interpreted as partial dehydration and corresponds to 1.6H O per formula unit. The sharp weight loss between (1) 8748 (1) 3993 (1) 1417 (1) 20 (1) 1 Sb (2) 3759 (1) 4092 (1) 2039 (1) 22 (1) 1 Sb (3) 2836 (1) 4443 (1) !1515 (1) 22 (1) 1 Sb (4) 4652 (1) 3373 (1) 104 (1) 22 (1) 1 Sb (5) 7950 (1) 4623 (1) !881 (1) 23 (1) 1 Sb (6) 2033 (1) 5149 (1) !3724(1) 24(1) 1 Sb (7) 9947 (1) 3248 (1) !998 (1) 22 (1) 1 Sb (8) 2842 (1) 4645 (1) 4102 (1) 22 (1) 
7800 (3) 3140 (1) 726 (1) 20(1) 1 S (3) 6165 (3) 4461 (1) 640 (1) 19 (1) 
2218 (3) 3819 (1) 3305 (1) 25(1) 1 S (6) 4554 (3) 4721 (1) !2833 (1) 23 (1) 1 S (7) 9982 (3) 4876(1)
6947 (3) 3867 (1) 2688 (1) 21 (1) 1 S (9) 814 (3) 4314 (1) !82 (1) 19 (1) 1 S (10) 3077 (3) 3232 (1) 1397 (1) 24 (1) (2) 3742 (1) 4106 (1) 2035 (1) (10) 3055 (4) 3246 (1) 1398 (2) 26(1) 1 S (11) 1393 (4) 200 }2503C indicates decomposition of the compound. A total weight loss of 9.1% below 2503C was observed, in reasonable agreement with the value calculated for loss of methylamine, ammonia, water, and H S (8.5%). Hydrolysis of sul"de by part of the water present in the structure during decomposition may account for the slightly higher observed weight loss. The presence of water in the structure after the initial dehydration stage is con"rmed by the IR spectrum measured on a sample after thermogravimetric analysis that was ended at 1353C. X-ray powder di!raction analysis indicates that the framework of compound 1 is not substantially changed after partial dehydration below 1353C.
CRYSTAL STRUCTURES
The local coordination environments of Sb atoms of compound 1 are shown in Fig. 2 . Selected bond lengths and bond angles for 1 are listed in the center of the 4-membered ring (Figs. 2, 3a) . Since the 12-membered rings are not #at, the complex chain has a zig-zag shape when viewed laterally.
The crystal structure of 2 is essentially the same as that of 1 (Fig. 3b, Table 4 ). The Rb atoms are located at positions similar to those of the N atoms in 1. The complex pyramidal chains are further interconnected by weak Sb}S bonds (2.88}3.36 A > ) into puckered layers that are two atoms thick. The layers are parallel to the (101) plane (Figs. 4, 5a) . The shortest Sb}S distance between adjacent layers is 3.44 A > . Wide channel systems along [100] with an aperture of 5.9;8.0 A > are outlined by the 12-membered rings (Fig. 3) . The monovalent cations (NH> and CH NH> in 1, Rb> in 2) and water molecules are located at the intersections of the channels with the interlayer space. The water oxygen atoms OW(2}4) in 1 and OW (4) (27) . The structure of 4 contains the 4-but not the 3-membered rings (21) . As shown in Fig. 5 , the three types of layers contain very similar structural blocks although the layer of 1 and 2 is puckered, the layer of 4 #at, and the layer of 3 terraced. The structural blocks are based on an H-shaped fragment consisting of 12 SbS L polyhedra and are indicated by thick solid bonds in Fig. 5 . In the structure of 3, the H-shaped fragments are laterally linked into one-dimensional stripes through Sb}S bonds, and the stripes are linked into the layer by unusual Sb groups with Sb}Sb bonds. The same stripes are cross-linked into layers in 4 by four additional SbS L polyhedra. In the structure of 1, the H-shaped fragments are interconnected by four additional SbS L polyhedra into stripes that are similar to but di!erent from those in the layers of 3 and 4. Adjacent stripes are directly interconnected to form the puckered layer of 1. The layers of 4 contain square-like 16-membered rings which outline a system of wide channels, with the pyrrolidinium cations and water molecules located at the intersections of the channels, with the interlayer space. In contrast, the layers of 3 contain elongated 12-membered ring pores to accommodate the long-chain cations of protonated N,N-bis (3-aminopropyl) ethylenediamine.
In conclusion, two novel thioantimonates have been hydrothermally synthesized. Their crystal structures contain puckered layers and have wide channel systems. Puckered thioantimonate layers are found in many sulfosalt minerals such as TlSb S (32), but are less common in the synthetic compounds containing alkali metal and organic cations. Since the channels of the structure are "lled by water molecules and monovalent cations not larger than methylammonium, measurements of their ion-exchange and adsorption properties are planned.
